Abstract-As a solution of high efficiency and clean energy, fuel cell technologies, especially proton exchange membrane fuel cell (PEMFC), have caught extensive attention. However, after decades of development, the performances of PEMFCs are far from achieving the target from the Department of Energy (DOE). So, further understanding of the degradation mechanism is needed to overcome this obstacle. Due to the importance of proton exchange membrane in a PEMFC, the degradation of the membrane, such as hygrothermal aging effect on its properties, are particularly necessary. In this work, a thick membrane (Nafion N117) which is always used as an ionic polymer for the PEMFCs has been analyzed. Experimental investigation is performed for understanding the mechanical endurance of the bare membranes under different loading conditions. Tensile tests are conducted to compare the mechanical property evolution. Taking the test data as a desired mechanical response, . a model with both viscoelasticity and plasticity involved in was built and investigated by mechanics-based simulations which are performed using the finite element method (ABAQUS). By optimizing the parameters of viscoelastic-plastic model, the best agreement to the desired mechanical behaviour was achieved. And the parameters will be compared and analyzed to find out the variation of the polymer's structure during the degradation process.
I. INTRODUCTION
PEM fuel cell has very high performance in a wide working range with good dynamic characteristics and it works at low temperature. PEM fuel cell also has showed high efficiency of electrical conversion and the total efficiency can be even higher by making full use of the heat generated during the operation. It generates electricity without any emissions and most of the materials employed can be reused or recycled [1] . It was reported in 2010 that PEM fuel cell can reach ~60% electricity conversion efficiency and 80% energy cogeneration (electrical and thermal ) efficiency with more than 90% reduction of carbon and pollution emissions .
But before that, the low durability of PEM fuel cell is the primary problems that need to be solved. The DOE (department of energy) target for the life time of fuel cell is more than 5000 hours for transportation applications by 2015 and 40000 hours for stationary applications by 2011. According to this target, now the performance of PEM fuel cell is far from achieving the target [2] . So further understanding of the degradation mechanism and development of durability analysis methods are needed to overcome this obstacle.
To deal with the durability analysis of PEMFC, it is necessary to carry out a further understanding of each component response, especially the electrolyte membrane. Among the perfluorosulfonic acid (PFSA) polymers, the sulfonated tetrafluoroethylene copolymer developed and manufactured by DuPontTM, with the commercial name Nafion, has been the most widely utilized.
However, the mechanical degradation of Nafion after numbers of operation cycles was seldom mentioned in previous research. According to the experimental investigations, the failures occurred not only after long time continuous operating but also manifold cyclic operations. Therefore, the variation of Nafion structure after a certain number of operating cycles should be investigated and analyzed. Nonetheless, the experimental to investigate the variation is difficult to conduct directly. To overcome the experimental limitations, we suggest using numerical method here.
In this paper, inverse design problem technique is used to abstracting the viscoelastic and plastic properties from the simple tensile test results obtained from different specimens (untreated, temperature aged and humidity aged ones). Besides the properties abstracted which can be used as the input for the built-in material model in ABAQUS, the result of this paper also inferred the variation of the Nafion network.
II. EXPERIMENTAL AND PROCEDURES

A. Materials
Non-reinforced films based on chemically stabilized Perfluorosulfonate acid (PFSA) and Polytetrafluoro-ethylene (PTFE) copolymer in the acid (H + ) form, which was obtained from Dupont Company with the commercial name Nafion ® N117.
B. Specimen
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